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I. INTRODUCTION
An important objective of instr'umentation; for pulse height analysis of the randomly ~ccurring pulses in nuclear spectroscopy is to acquire data at the highest possible rate. To attain this end, pulse-height encoders have been designed for shorter and shorter dead times, 1 ) while analog pulse-processing circuits. have. been designed to allow good resolution at the high counting rates which the new pulse-height 1 handle 2). ana yzers can Currently, pulse-height encoder dead times range from 10 to 200 ~s for 12-bit encoding, and good pulse-height resolution can be obtained at input rates much higher than 20 KHz. However, input pulses for nuclear spectroscopy arrive randomly in time and often arrive when the encoder is processing a previous pulse. Thus, the number of pulses measured is much lower than the number arriving at the pulse-height analyzer. This wastes good (and expensive) experimental data; and, in some experiments, requires count rate corrections whose accuracy may be questionable.
. . 4
For example, consider a typical case of 1. 99 x 10 pulses per second, randomly spaced in time, arriving at an analyzer having a fixed dead time of 50 lJS. This will result in approximately 10 4 counts .
per second being analyzed, with the analyzer being busy and rejecting pulses for about SO% of the time. Any count rate correction must be quite accurate since the correction forms a large fraction of the total.
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If the pulses arrived at a regular rate to the analyzer, the number of pulses accepted and processed would be twice as large and no count rate correction would be necessary!
The effects of derandomizing incoming data before digitizing have been discussed by Chase 3 ) who also describes the operation of an early vacuum tube prestretcher 4 ) used for its derandomizing effect. The effects of derandomizing after digitizing has been examined by Alexander et al, who showed that for a three-stage digital derandomizer, counting losses of randomly occurring signals would be reduced to less than 1% at rates approaching 40% of the rate that would saturate the equipment. These calculations agreed well with experimental results.
A relatively simple three-stage analog-pulse derandomizer has been developed, using a modified version of a pulse stretcher designed by Goulding 1 >. The input dead time of the circuit is 4.5 ~s. This was chosen to be shorter than the minimum dead time of the pulse processing circuits of the input amplifier sys~em, which are needed for good resolution at high rates 2 >. The pile-up-rejection circuits now used cause a dead time of not less than 6 ~s per pulse. it would be necessary to use a pulse-hieght analyzer having a dead time of 6 ~s •. At the rates quoted, the degradation in resolution when the derandomizer was inserted between the amplifier and analyzer is less than 0.1 channels for a peak near channel 3000.
The design of the derandomizer is shown schematically in fig~ 1.
Three gated stretcher cards are connected in series; each pulse passes through all stretchers with time delay of about 0.1 ~s, and is finally transmitted to the analyze.r. If the analyzer is busy, the pulse is held in the third stretcher until the analyzer is free. If that stretcher is full, the next pulse is stored in the second stretcher and if that one is full, the first stretcher stores the pulse. Any pulse that arrives when all stretchers are full will be rejected.
When the analyzer becomes free, the output level of the third stretcher In order to understand the details of circuit operation, it is ,.
f useful to trace the train of events that occurs when a pulse reaches the input. We suppose that this happens when the external ADC is busy processing a previous pulse.
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The input gates to all stretchers being open, the input pulse will pass quickly through the first and second stretchers into the third one, triggering all discriminators. After a delay of 2 ~s, or at the end of the input pulse, whichever occurs first, the inpu~ gate to the first stretcher will close, and trigger a circuit which produces a 130 mV pedestal, needed to ensure linear operation. At the end of 3 ~s the gate to the second stretcher will close, and at the same time the first stretcher receives a reset ~ulse. An additional pedestal is now formed in stretcher 2. (see fig. 4 for idealized waveforms of the second stretcher).
At the end of 4.5 ~s, the gate to the third stretcher closes, and the second stretcher is reset. A third pedestal is generated in the third stretcher.
The signal in the third stretcher is held until the ADC BUSY signal falls. At that point, an output pulse is generated whose amplitude is equal to the voltage level held in stretcher 3, and stretcper·3 is reset. (A second signal waiting in stretcher 2 would immediately trigger the discriminator of stretcher 3, and after 4.5 ~s, stretcher 3 gate would close again and stretcher 2 would be reset.
To avoid rate effects the stretchers are entirely de coupled after a s-ngle input capacitor. Thus, de drift due to temperature changes could easily cause a.drift in effective pulse amplitude when the output level of the third stretcher is converted to a pulse for transmission to the ADC. Drift is mini~ized by careful circuit design The output pulse to the ADC has an amplitude equal to the voltage at the emitter of Q2, and a width equal to that of the "Strobe" pulse.
Transistor Q3 supplies a constant current of about 5.5 rnA, all of which normally flows in R5, leaving CRl and CR3 reverse biased. Currents in 
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